ABSTRACT : Cynomorium songaricum (CS) has been used in traditional Korean medicine in treating male impotence and sexual dysfunction. We investigated the effects of aqueous CS extract on the reproductive activity of golden hamsters whose spermatogenetic capacity is active in summer and inactive in winter. The animals were divided into 5 groups: long photoperiod (LP) control, short photoperiod (SP) control, and SP animals treated with low, middle, or high concentrations of CS. The animals were orally ingested with low (0.5 g/kg), middle (1.0 g/kg), or high (2.5 g/kg) concentrations of the aqueous extracts for 8 weeks on the daily basis. The control animals received the vehicle. As results, the LP control animals showed active testicular function but SP control animals displayed remarkably reduced testicular weights. The outcomes of the reproductive activity from low and middle concentrations of CS treatments were identical and marked as low dose. The consequences were a partial blocking of regressing activity by SP. On the other hand, the animals treated with high dose of CS extract showed remarkable significance in comparison to the SP control, indicative of a complete blocking effect of the CS on the regressing testes by SP. There were a dose-dependent effects of the CS on the sexual function. These results suggest that the CS extract promotes the male fertility by strengthening the spermatogenesis in the golden hamsters.
INTRODUCTION
Cynomorium songaricum Ruprecht (CS), a parasitic perennial flowering plant, grows in dry, rocky, or sandy soil at high altitude, largely in China, Inner Mongolia, and Tibet. The CS that dried the rhizome and processed in a variety ways has been known to cure the poor sexual enhancement and to strengthen aphrodisiac function and immune activity (Nickrent et al., 2005) . Moreover, it was reported that the ethanolic extract of the CS activated the female sex steroid production (Zhang et al., 2005) . Also, in the light of the results that the CS increased the number of spermatozoa in the epididymis and testicular weight, the CS can be interpreted to promote the process of spermatogenesis and the potency of male fertility (Abdel-Rahman et al., 1999; Abdel-Magied et al., 2001; Yang et al., 2010) . However, there has been no report about research whether the CS has a potential to prevent from the testicular regression of males. This study was focused on the effects of the CS extract in the course of the spermatogenesis of male golden hamsters.
Reproductive capacity is presented with unique characteristics from species to species. Almost all the animals who largely inhabit in temperate zone of the Earth do not possess the reproductive function throughout a year (Choi, 1996) . This is because a vast amount of energy is required to maintain the active sexual activity. Thus most of animals reproduce for a particular period of time in a year, spare the energy, and keep the species (Choi & Han, 2010; Choi & Lee, 2012) .
The golden hamster is a small rodent species whose reproductive inability is temporarily emerged for winter season in environment. The golden hamster is one of the seasonal breeders whose reproductive activities are active around summer season (Choi & Lee, 2012) . In the winter climate the reproductive functions are completely arrested.
This seasonal breeding strategy is determined by photoperiod that is the length of lighting in a day, which is surmised that the animal can predict possibly the annual cycle in a period of a year.
The fluctuating changes of seasonal reproductive function in the hamsters can be reproduced in the artificial lighting regime. When the reproductively mature male hamsters are transferred to short photoperiod (SP, equals to and less than 12 hours of lights in a day), they lose generative activities, showing no functional spermatozoa in testes. If the length of lighting in a day is set to more than 12.5 hours (long photoperiod; LP) mimicking summer season, the generative functions are energetically resumed, doubtlessly promoted, and maintained afterward.
The goal of the present work was to investigate the effects of the CS extracts on the spermatogenesis in the course of testicular regression of male golden hamsters.
MATERIALS AND METHODS

Plant material and extraction
Cynomorium songaricum was procured from the local company in Korea (Hansol Pharmacy Co., Ltd.). The extraction was carried out by mixing the fragmented pieces of the CS with 1:20 w/v in drinking water for two weeks.
The mixture was squeezed with woven texture to collect the fluid. The fluid was evaporated to decoct by warming up the vessel containing the fluid in hot water. Then it was dried in the oven kept at 60℃. The solidified product was milled to fine powder by Osterizer blender. The yield of the extract was 26.0% w/w in terms of dried starting material weights. The powered extract was light brownish.
The extract was preserved in a refrigerator, and was dissolved with drinking water prior to usage. 
Animals
Determination of testes weights
The volume of testes was measured by laparotomy. The hamsters were anesthetized using diethyl ether with the aid of pentobarbital (25 mg/kg of body weight) and ketamine (50 mg/kg of body weight). The laparotomy was rapidly performed when they were anesthetized. After excising the skin overlying the scrotal sac and protruding the testes within the scrotal sac, the major axis and the minor axis of testes were measured by vernier calipers. The skin excised was then sutured with surgical thread. The weights of the testes were calculated by the measurements. This method is greatly economic by reducing the animals without killing the many animals.
Statistical analysis
Data were expressed as mean±SEM. Statistical analysis was performed using Student's t-test. Differences were considered to be significant at P < 0.05.
RESULTS
The relationship between measured and weighed values were not reduced at all, meaning a complete blockage of the influence of SP in golden hamsters.
At the end of experiment (8 weeks) the real weights of testes were in fact weighed (Fig. 3) . The testicular weights were maintained large in LP control but those in SP Fig. 2 . Changes of testicular weights. The testicular weights of golden hamsters were gauged at 4 week intervals. Note that the testes housed in LP (LP control) held active reproductive function but the testes housed in SP (SP control) had distinctively regressed testes in 8 weeks. LP Cont; animals were maintained in LP and were treated with vehicle. SP Cont; animals were maintained in SP and were treated with vehicle. SP CSL; animals were maintained in SP and were treated with low and middle concentrations of the CS extract. SP CSH; animals were maintained in SP and were treated with high concentration of the CS extract. n≧3. * indicates statistical significance (p<0.05). The high concentration (2.5 g) was diluted twice and the same volumes as low and middle groups were administered in the morning and in the evening.
There is an existing report that the number of spermatozoa in the epididymis and testicular weights were significantly increased (Yang et al., 2010) . Up to date, various components have been analyzed in the CS extract. Most ingredients belong to a family of polyphenolic components such as flavonoids that lower the levels of cholesterol (Rossetti et al., 1987; Lee et al., 1999; Edwards et al., 2007; Jang et al., 2008; Egert et al., 2009; Saul et al., 2009; Tatoń et al., 2010; Yu et al., 2010) . They were phlorizin, epicatechin, catechin, naringenin, naringenin-4'-O-pyranogluoside, rutin, luteolin, and quercetin. The gallic acid and protocatechuic acid were detected as phenolic acids containing phenol. As phytosterols that have chemical structure similar to the cholesterol structure, β-sitosterol and daucosterol were reported (Matsuoka et al., 2008; Awad & Fink, 2000; Moreau et al., 2002) . A palmitic acid as a lipid and an ursolic acid as triterpenoid, and succinic acid were noticed (Gnoatto et al., 2008) . In the light of that most of ingredients detected from the CS extract were antioxidants and reduced the values of cholesterol, it is considered that the CS extract is possibly to be involved in the reproductive function.
On the other hand, one of the efficacy of the CS extract is mounting behavior. That is, it is a breeding behavior exposed by males. If this behavior is provoked by the male sex steroid, the CS extract somehow would elevate the levels of the steroid. Many steroid variants present in the CS extract are candidate for that action but the mechanism has not been unclosed.
Taken together, the CS extract completely blocked the testicular regression influence caused by SP. But it needs further study for which ingredients have those effects and how they act within the body.
